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DI8trlhllt:lon: J .  L .  Platncr, D. P. Ohcre, fl, 6 .  Loehtn,  

Electrical  MonltorlnF: and Control Subnyetem 
. Dcvclopmcnt Plan Activity 200 

J .  R. Hrrrley, .7. R. Wmrd, C ,  )Iartfn, 0 .  Johnman 

4 The i t i d l v i d \ i a l R  t9 whom t h l n  m~mcrandlm ! f i  dfrnctcd are assigned the 

deRlqn ef fort  regponslbl l l t y  nf' e w l v l n g  t h e  tlentgn specification 

drawing ( A ) ,  and/or f\rnct,ional dlagramn of the Riit7,lect suhnyotem 
I ' 

In  a d d i t i o n ,  t h e  te f t ts  planned or evolved, nhlch w i l l  follow the 

path from Event 200 throitch 409 on t o  580, s h a l l  b e  performed and 

reported on along with periodic Rilbsyf+tcm deelgn rev iena .  A oon- 

oerted a t t e m p t  ehould be made t o  meet a11 date8 eet forth in t h e  

part Iff  PBAT Program Plan. 
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The Electrlcal  Monltnrim and Control Suhystern (EMCS) will cons ls t  

of a l l  e l o f l t r l c a l  ?oniponents Puch as connectors, reley8, Bensors, 

electrical and mephanlcal d e v l c e s  reqtrlred to ~ k e r t .  mtop, maintain 

rcgulatlon and to malnta in  p r o p r  condltlonm of t h e  E A .  The EMCS 
i /! nil! be a compact end Reperate package f r o m  t h e  VCA w l t h  c leat .r!arl  

1' 

c !  cablerr connectlna the FaCS and tlre FCA. 
I 

The EMCS w l l l  be capable of acnompltahlng t h c  above frincttons 

automatically and/or manusIly. S I I I  table  Instrurnentatlon readout 

for the  Tnfltrumcntat Ion SiibRynt,ern w i l l  b e  prov ld-d  no that complete 

manual operation of the FCA mRy h e  accomOli?!tied. The Inatrumentotion 

readout w i l l  inc'lude rcactant and cav1t.y pressure, to ta l  voltage 

and c\rrrent, $ KOH and temperature. The characterlst ics  of t h e  

capabilities. Tile Pile1 Ce l l  Protection and Control Syetem eingle 

l i n e  diagram 49-300-221 and i t a  aeeoaiateb outline are Inoluded for 

an overall desoriptlon of the eystem. 



I . .  

The following I ~ W I I R  9 r ~  P R r t  o f  the EHCS and thm funotlon 8nd operation 

of each in outllnr?d. 

1. Master Conkrol 

2. A u x l 1 1  lary MnPter Control 

3 .  Ustor Removal Controller 20 wx 

4. T?mp'=raturs Control lr?r 20 Tx 

5 .  pilrEs Controllpr 20 HOx 

6 .  DC-DC Inverter 

7 .  - Volt.np,e Regillator 
c 

90 

Ttle MaRter Control c o n ~ l ~ t %  of' the mode ewt tc t i ,  f i m c t l o n  rtwitches, 

STAM>W, MANIJAT, or AUTOMATIC op-ratlon. Thn f \ i r ~ c f . I n n  n w t t c h  wlll be 

The FCA may he 8tartcd by dPpresaing START I f  the PCA WRB shutdown 

by the STOP switch o r  the key operated I n t e r l o c k  m i s t  be reaet f i r s t  

I f  t h e  PCA'was ~t iutdown .by the' proteation device. Then mode eelected 

MANUAL/STANDEW/AIJTOM/\'CIC determi ~ P B  the operation of the  controllere 

and the poeftlon of the ve lven .  

e 

I 

i 

I 
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opmed, the temperature controller nmild B e n B r ?  t h e  need for heating 

or ooolant 8nd s u t o r n n t l m l l y  control. temperature. Load would not 

be a p p l i e d  until t h e  LOAD rrwitch WRO depressed. The under-temperatrlre 

d e v l e e  would prevent. applying load u n t i l  operaklng temperature had 

been r*achcd.  Then dcprcaninq the LORI1 n n l t c t i  would cause the load 

to be nppllsd af ter  a time r l n l s y  durlnp, which t h e  FCA would receive 

an i n l t i a l  purge, H20 cavlty conkrollnr energize purge c o n t r o l l s  

would energize. In t h e  event  of overcurreqt (110 ampa) or excessive 

purglng (morn thnn h consscutive non-ocheduleq p w g e e )  t h e  load will 

be removed. Ttip load nfll be reapplied by depreeoing the LOAD an i tch  

In the event, one of the following conc)itions e x l s t  the  protection 
3 

ehutdown d e v i c e  will inf t latr!  a ~ e q u e ~ , t l e 1  nhutdown end t r i p  the kay 

Operated interlock.  

1. Over-temperature 

2. Under-temperature 

3. Short circult current 

4. LOW voltage 

5 .  Loas of fan power 

rn 

1' 

The oequentinl , ~ t ~ u t b o w n  wl11 ( I R U B *  the f'ollonlnq conditlone in order! 

1. nemove load 

2, De-energiz? 11~0 cavlty cnntraller & close v a l v e  

3. C1o.s~~  r e a c t a n t  valve0 

4. De-energize temperature controller & a loe@ va lve  

J 5 .  De-energize purge controller & oloso valve 

Msnualt 

Aeaunlw MANUAL node was eeleoted, t h e  gbelt lon of the manual 



I 

I 

override nwltct iee wotild d e t - r r n l n ~  wtwther the v a l v e 8  were controlled 

automatically by t h e  conlrollara, a p r i e d  or closed. The load could  

be s p p l i e t l  wlthout a t i m e  d e l a y  and purging i f  at operating 

temperature, by depreealne the LOAD ewitah. The protection shutdown 

and ~nqrientlal flhritdown w i l l  0pDrat.e the aame an In A W O .  

temperstttre would Rii tornstt laRl  ’ly ha mRlntaIn4. 

Thq 

S t m d b y :  
I 

J A s ~ ~ r n i n p ;  STANDBY mode was selected, t h e  l n l o t  reactant v a l v e 8  would 

be  oppnad, tmperature rnRlntolned, fI2O csvlty contro)ler de-energized 

and v a l v e  cloned find tho load removed. Vhon atsrtlng t h e  FCA from 

* t 8 ~hrrtdown oondi tlon, the ternperaturs controller would sense the 

need for heating or coolant Rnd n(itomatics1ly m l n t n l h  temperature. 

The protection devicen would hs in  e f fec t . .  

The START OC STOP frlnctlone will r1t;lllzc. one la tc t r lng relay for both 

functlonn. 

otherlntsp. 

One poeitlon of the r e l a y  w l l l  reprenent start and the 

The latching relay contact3 w i l l  then control t h e  va lves  
I 

P .  
and controllers dependent rigon the  mode of operatlon. The h t c h t n q  

relay operation le shown I n  the  following diagram 

b ’  

Ka 

4 

* p ssof 1 V 



1Y 
K2 re'prmcnts t h e  relay 'contacts angoclated w i t h  the p r o t e c t i o n  

shutdown d e v l c e .  K2 cannot be reaet excppt by rrelng the key 

operated inter lock.  Therefore, K2 forces the  eyntem to STOP 

tan4 preventa  STARTTNfl 11~tt ln  until the k e y  interlock ie reaet, 

The LOAD function will utilize FI latching reltty to oontrol the 

valves and corit;rollerR dependent upon mode of om'ratlon. The 

LOAD 1RtPhlnK relay operation 1~ Phonn l,n t h e  f o l l w l n ~  dlagrna, 

OrJ 

O W  
, 
I 

The LOAD latching re lay  cannot be turned on unless the mode sui toh 

Is l n  MANUAL or A U T O , .  FCA le up to temperature, the START/STOP 

2. A ~ i x l  llfpry lvlaeter Control 

The Atlxl lllary Master Control w i l l  be a aubaooemhiy wtilch will 

contnin a l l  t h e  latching relay8 and electro-mechanical dev ices .  It 

w l l l  he conkrolled by tho Maeter Control am] w l l l  trannrnlt 

the informtion to t h e  va lves  and controller8 

3. Water Removal Controller 

Thio unit w l l l  m i n t a l n  the PCA a t  a praeet  KOH oancentration 
. 

- 5- I 
. .  

I 
. 

I 



dllsgrnm follow 

Tila \in1 t ut1l l . tePr the trnipernturo chnrnctcrlntlcn of t h e  trnnoletor 

for temperature een~triq'nr\d R potent; lometer typo transducer for t h e  

trrmlriea t h e  ( t i ~ t y  cycle of thr. v a l v s .  

r 4. Temperature Controller 

z. 
c-r 

! 
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~ 4! u r f A  &enelant Rly,nRl l e   loo r ece lvpd  from the s h u n t  O f  the  FCA nhioh 
I 

Rqneea the mngnItride of the t o t a l  o u t p u t  c u r r e n t .  Tlie combined 

e l C n a l n  c o n t r o l  a d l f f e r e n t t a l  R m p l I f l e r ,  and a bl-stable mriltivihrator 

w h i c h  h a 3  R clock frequency of 1 rnlniite arid a v a r i a b l e  du$y cyCSlo 
I 

v 
, 

The c \ t r r c n t  slgnal ns taken from the P C A  Rtiunt, and before r e a c h i n g  

t h e  I n p u t  terminals t o  t h e  dlffsrcntlal a m p l l f l s r ,  l a  COPdlttOnad 

by a d o r l v s t i v e  ne twork  con31sting of a capacitor and a d J u e t q b l e  

resistor. The t l m c !  oonntRnt  of t h e  RC dprivatlve ne twork  i r r  made 

vRrlablr? by meana of the r e o l o t o r  and p e r m i t 8  t h e  s e l e c t i o n  Of a 

t m p o r s r y  override of the o u t p i t  of  the temperature eennlnu tharmlator 

l n  a c c o r d a n o e  with the ove re l l  FCA thermal tlmc conntant. A 

m ~ x 3 m r r m  t l m a  confitant of 5 to 6 mlniitee haA been p r o v i d e d .  

Incipient dwnanrt nupcrvinlon over the 8 1 0 W  a c t i n g  t t w r r n i a t o r  is 

n p t w o r k ,  and R zero c e n t e r  mlcrmmrnster permite o b o e r v a t l o n  of t h e  

p r o p e r  f t i n c t l o n  of thr? c i r c u t .  

The twnperature c o n t r o l l e r s  t h e r n i l n t o r  will be \tsafl t,o control t h e  

. .  
I 

I .  
I preheating c y c l e  of t b  PCA sy3tcm by provldlnq a amrate out- f 

put switching c i r c u i t  f o r  t h e  h s n t e r e .  

5. Purge C o n t r o l l e r  

The purge controller will be capable of performing nchsduled and 

.) 
I *  

P r n  I 

I 1 
I :I , y t  t * t  8 f )  I' f I -7 .. 
I 



C 

1 .  
I non-achedu lcd  p u r g l n g .  The nchedu led  p u r g i n g  will be on A n  ampere 

horir hanla  And t h e  non-ochediilc?d piirge will be a f u n o t l o n  of rate 

of v o l t a g e  decay. The ampere hour element of the u n i t  c o n a ~ s t n  

of a a o n v e n t i o n a l  u n i J u n c t l o n  ataircame nave g e n e r a t o r  w i t h  

m o d i f i c a t i o n s .  A stralgli t  l i n e  relationohlp between m i l l i v o l t  

i n p u t  from main c u r r e n t  a h u n t  and p u l o e  frequency ie obtalned Ovaf 

t h e  r ang-  of 1 amp t o  120 amps. Additional counkdown a l y O u ! b n  

featuren a m l c r o m l n l a t \ i r e  demdn eotinter d r l v t n g  3 s e t  Of f l b R t 1 o  

purue v R l v -  program o o n t r o l n .  I "  

6. DC-DC I n v e r t e r  

The DC-DC I n v e r t e r  w l l l  be w e d  t o  ieolate  t h e  power for t h e  cont ro l le r i  

from the F C A  power. Thin l e  requlred h e o e u ~ e  a nhun t  is being 

J uaed t o  monitor o u r r e n t .  The I n v e r t e r  w i l l  ha a c m v e n t i o m l  PC-DC 

lnvcrter 

'I . Voltage Regulator 

The o u t p u t  of t h e  DC-DC i n v e r t e r  w l l l  be c o n n e c t e d  t o  tlie Voltage 
L 

Regulfitor, Proper operat i on  o f  the cont ro l le rs  rquiren n regrrlated 1 

I 

t h e  ehunt and removing t h e  load inetantanoouely for a ehort 

o i r a u l t  and In approximately 20 eeconde for 110 amps. 

graph l a  t h e  proposed ourrent versus t r i p  time charaoteriebios. 

. 
I The attaahed 

I 

-8 - 
I 
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9. Undervoltaqe DPVIC- 

This u n l t  h R R  riot becn develnped hut n i l 1  c a u m  t h e  load t o  be 

det-rmtnnd 1 l m l t .  

Xnstrumentatlnn Rendmit: 

The fal loulng resdouta are the items of the Inatrumentation Subsyetern b 

which w i l l  be monitored on the front panel. A l l  other IS readout0 

w i l l  b5 avRflnhle on th* EMCS through a rear mounted oonneotor. 

A dial will be provldsrl to nelor?t KOH aonoentratlon. 

1. Totnl VoltaKe 

2 .  Total Currcnt 

b 3 .  
4. Temperatrire 

Prcpsures 02, ib & 1I2O Cavity 

5. Deviation of $ KOH-will \ i t I l ize  Water Removal Controller 

6 .  Cool/Heat rcqtilramantfi - will t i t i 1  l z e  temparature oontrolltr 

Manual Overrtde: 

The following funotionn w i l l  bp capable gf' b i n g  manfre l ly  aontrolltd 

in the FZanu~l mode of operation, 

1. Water fiemoval Cavity V a l v e  Open-Closs-A\r to  

2. Reactant (02 & H2) Valve6 Open-C lose  -Auto 

3 .  Primary Coolant Valves Open-Close-Auto 

t 

4. Purge (ii2 & 02) Manual - Auto 

5 .  Purge Controller On - Off 

6 .  Awll l iary  Power on - orr 

-9- 
! 



" . 
IndicatlnK Devlcse: r 

The followlrw 1wlicatinR Aeviccn nlll ahow the e t a t e  or aondition of 

t h e  dcvlac? 

1. 0 2  Inlpt Valve Open/Cloeed 

4, 112 Furge Open 

5 .  Water Romovnl C a v i t y  V a l v e  Open/C losed 

6 .  Primary CoolRnt Valve ~ p e n / ~ I  orred 

I 

. 
"7. Over T e m p e r a t u r e  

9 .  O v e r  Cirrr~nt; 

10, Undr?r voltage 

11 , A u i  3 1 lnry Power 

12. Mode of Operatlon MAN-STEW- A C T M  

Development Area: 

The development  arcas of the  EMC3 i a  t o  u p ~ r a d e  t h e  laboratory 

breadhoard rnodela of the controllprs for more r e l i a b l e  operation. 

The following Rre ttornn that have not. been developed. 

1. DC-PC Tnvprter 

.. I .I 2. VoltRu- Wuitlator 

3. Auxlll lrrry MaRter  Control  

4. Inatantnncous O v e r c u r r e n t  Device 

5 .  Undcrvoltage Devioe 

6 .  Master Control 

I The Inverter and t h e  ~ p g t i l t ~ t o r  u ¶ l l  b e  convcntlonal dev ioes  but 

-10- 



I f  

r W i l l  rsqulre d r t ~ l g n  and laboratory dpveloprnont. The A u x l l l l a r y  

MsBter Control will b e  R rnectian1c;rl aubamoembly and will be d e v e l o p e d  

in c o n J u n c t l o n  n l t h  the &-stet- C o n t r o l .  'Chs Inatantaneouo Over- 

* current d n v l o e  and Undervol taqe  d e v i c e  will require dealgn and 

l a b o r a t o r y  development to  v e r i f y  d e e i g n  goale .  The MPratar Control 

ha8 been partially da.slgned In the Eleotrical Control Aslpernbly 

h 9 - ~ l O O - l 3 ~ l - ' I 0 1  which o u t l i n e 3  the  front panel  layout, 

and aegoclated e l e a t r o n l c e  has y e t  t o  be developed. 

The O l t O U ~ t ~  

4 .  Tee t  P l R n  

Teet  A u t h o r i z a t i o n  S p e c l f i c a t ~ o n e  will be written on components, 

suh-aeeembllea and t h e  entire nub-eyetern an the dcnign progreaeea and 

io f w k h - r  d e v e l o p e d .  

' Attachments: 
Appendix A ' 

49-200 -206-501 
49-300-221 
49- 00-225 
49- 2 00-134-401  

P, D .  Heos, Manager 
Eng ineer ing  Sect  lon 

i 

-11- 



APFENDTX A 

e t a r t  up Aux.Dun which IR powered by a ndurce other than t h e  

FCA.  

motor8 M i  and M2 rrnd Switch 8 y  connecto 9 emall DC t o  DC l n s u h t i o n  

Swlkch Rx connactn a I100 cycle 3 $ Inverter t o  t h e  blower 
I 

inverter,  and volt.ac<e regulator 30 t o  the 3 W)re Control  Logla Bus l l  

A Selector S n i t o h  ' 69 '  irr ttirni3ci to "Stand by" paaltlon nhioh  permits 

cnergizatfon of a l l  R U X .  electrically controlled devlcafl auch 88 . 

Ileater and W=ater S n i t c h  3 7 ,  reactant c o n t r o l a ,  etc,. to b e  

energized by oynratlon of 3tRrtln PB. '1' pt-ovldcd t h e  keyed lock- 

olrt device ' 06 '  hRs b w n  rnanimlly placed i n t o  t h e  "on" position. 

I 

I 

l 

I MnntiRlly operated Switch '8' conrwctn the Aux, Control Dim t o  thcr I 

which hag l t o  neutral wlre d l r o p t i y  connected t o  ttw p o n l t l v e  termlnd L 

O f  t h e  100 MV lOOA Rhunt of' t h e  FCA S y s t e m .  P r o p p r  Rurge control 

Is obtalnpd by referanctng ~ 1 1  wlrc ~ i ~ t ~ l d f l  t.0 thls P t l n . .  After a l l  

E t R r t  up  requlrclm~nt8 have b w n  met ,  t h p  .Selector Swltch 69 IR turned 

to "Hanu~1".' 

by operat lng dev lcca  "72~". F2irh l n d l v l d l i a l  ciibcorit t o l l e r ,  ouch an 

t h e  Hater  Removal Control 30 Glx ,  TcmperaLul'r) Cont.ro1 20 Tx, Purge 

Control 20 HOx, eto,.,  miivt bo manually control14 and operated by 

operation of respective owitchps d e v l c e a  "lx". After proper FCA 

o p e r a t i o n  ha0 been ohecked,  the Seleotor S w l t c h  63 18 turned to "autd 

which connect8 a l l  electromechanicel devlceo easentlal for proper FCA 

@ '  
In t h i n  p o n l t t r m ,  the Load Swltch ";2" may. be cloaed 

I 

i 

operation and proteotlon to t h e  Master Control Unit 4, A u x .  Mater 
1 

!\ 
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Control I lx and lndl v ldIm1 FCA performance control lere  20 Wx, 

20 Tx, and 20 I lOx .  

ProviRion I n  mado for manual ovsrrlde of aritomatfc f u n c t i o n e  

performed by controllern on an i n r l l v t c l w l l y  f le leotcd harrle. 

3 P o i n t  S c ? l c c t l v t  feRture of any one of d e v l c e a  ''1~" i a  maintained in 

the "Manrial" Frllector. SwLtch 419 p o 3 1 t l o n .  TI113 arrangement parmlts  
L 
b 

. m a x i m i i m  f l e x ~ h l l l t y  in t h 2  opemtion of the FCA for purpoeae of 

teat ,  arid perrormenoe wRlriatioi). Controls Rnd dcvloe 762, low 

voltage clevlcen 27 Rnd 37x,  temperature  c o n t r o l  20 Tx, e t c . ,  are 

maIntFtined functionally im1ecwr+nt of  rnsnfislly aperetea controln for 

The  key lockp4, e l e c t r i c a l l y  t r l p o e d ,  manually renet loukout  

device 86 is prov lded  t o  permit. re -energ imt lon  of the FCA after  

8 forced Btiutdown. Only an aiittiorlzeci p r p o n ,  namely t h e  one who h a s  

t t ie  k e y  t o  the lockout R w l t c t i  cqn t,ake !;he FCA l r i  operation. A l l  

Control  siihaseembliee w i l l  h a w  b i n a r y  t y p e  readout I'rovlrrlon in t h e  

b form of ext$a,qontacts / I  j l ,  of t h e  l a t c h  t y p e  relay8 contair ied i n  t h e  

A U .  Master Control 4x. Pr'cs~~irrz transducer8 nrich 88 devlce 20 UP , 

Or other analog t y p e  scnslng ctevlcee w i l l  b e  f i t t e d  w i t h  readout 
. 

I 

terminah t o  be connected to  rendhrrt equipment prenent ly  not oovered 

r by ontreot. e 
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